Under the current system of separate accounting, tax-motivated international profit shifting results in misalignment of profits and real economic activity. While the Organisation for Economic Co-operation and Development (OECD) Base Erosion and Profit Shifting initiative aims to measure and curtail this, critics claim serious progress is only possible with greater emphasis on formulary apportionment methods (Picciotto 2013), or other methods outside the present international tax architecture (IMF 2014). In this paper we use the leading global database of company balance sheets to compare the distribution of profit and potential apportionment factors. Although data coverage is problematic for developing countries, we find that apportioning profit according to measures of actual economic activity would result in a major redistribution of the tax base at the expense of a particular group of jurisdictions, and in most cases towards the lower-income countries in the sample. International loss consolidation facilitated by a global switch to unitary taxation would reduce the overall tax base by around 12 per cent.
1
Previous literature 9 2 Mechanisms of formulary apportionment and loss consolidation 10 2.1
Basic measure of formulary apportionment 10 2.2
The role of (international) loss consolidation 12 References 36 Tables  Table 1 Number of firms in MNE groups, by location and owner country groups 15 Table 2 Descriptive statistics profit and loss and apportionment factors  16  Table 3 Baseline results for total assets as apportionment factor 19 Table 4 Baseline results for different apportionment factors 23 Table 5 Results for tax reported, balanced subsample for different apportionment factors 27 Table 6 Results for profit allocation using segmental reporting 28 Table A1 Baseline results for tangible assets as apportionment factor 30 Table A2 Baseline results for turnover as apportionment factor 31 Table A3 Baseline results for number of employees as apportionment factor 32 Table A4 Baseline results for payroll as apportionment factor 33 Table A5 Baseline results for two-part apportionment factor according to Avi-Yonah et al. (2009) 
Introduction
The growing importance of multinational corporations and their opportunity to reduce their tax bill via international reallocation of the corporate tax base has been a topic of considerable interest both to academic researchers and to policymakers. 1 In light of the fiscal pressures arising from the recent financial crisis there has been further impetus to the debate by the OECD's Base Erosion and Profit Shifting (BEPS) initiative, launched in 2013 with the backing of the G8 and G20 groups of countries.
The UK's Chancellor of the Exchequer, George Osborne, reflected the strength of criticism of the current system when he hailed the BEPS Action Plan as 'a major step forward towards a global tax system that is fair and fit for purpose'. 2 The Action Plan (OECD 2013) declares that 'A realignment of taxation and relevant substance is needed' (p.13), and takes as its aim that it 'should provide countries with domestic and international instruments that will better align rights to tax with economic activity ' (p.11). 3 Under the current system of separate accounting, profits of multinational companies are taxed in the respective countries in which they are earned. For the purpose of corporate taxation, the subsidiaries of these companies are treated as individual firms when it comes to calculation of the taxable profits. 4 Given the persistent disparities in corporate tax rates, this creates an incentive for multinational companies to misallocate their taxable income with the aim of reducing their overall tax burden. There are a number of empirical studies using corporate balance sheet data which support the hypothesis that international profit shifting in response to tax differentials is statistically and economically significant within European Union (EU) and OECD countries. 5 Similar evidence for developing countries is lacking, reflecting the scarcity of balance sheet data. Instead researchers in this area have tended to focus on analysis of trade data, where abnormal pricing suggests large illicit outflows from developing countries, but where attribution to multinational tax practices is problematic -see, for example, the range of views among contributors to the World Bank's major volume on illicit financial flows (Reuter 2012 , including Eden 2012 Fuest and Riedel 2012; Leite 2012; Murphy 2012; and Nitsch 2012) .
In order to restrict tax-motivated relocation of corporate profits, increasingly complex approaches have emerged to transfer pricing, thin capitalisation, questions of permanent residence and related issues. The application of these rules varies widely, even between OECD member states, and a critical view is that BEPS is primarily addressing the difficulties of the system of separate accounting, rather than addressing the fundamental problem -the system itself. The International Monetary Fund (IMF), arguably the leading international institution in terms of developing country tax advice, has stated bluntly that 'Current 1 For a recent survey on the topic, see Fuest et al. (2013) . Osborne's comments were made in the UK government's press release at <https://www.gov.uk/government/news/g20-next-stage-in-securing-new-global-standard-for-tackling-avoidance-and-evasion-reached> (accessed 10 March 2014). 3 It is interesting that the OECD has set this target for the BEPS initiative, since alignment of profit and economic activity is not the aim of the current system. Under the separate accounting approach misalignments will reflect not only tax motivated 'profit shifting', but also differences in the actual profitability of different entities within a particular multinational group. There is also no articulated theoretical basis for alignment as a goal of international tax rules -a potentially important avenue for future research. 4 For a detailed description on the historical origins and the resulting shortcomings of the current international tax system see Picciotto (2013) .
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See Grubert and Mutti (1991) for early evidence for the US; Huizinga and Laeven (2008) , Weichenrieder (2009) and Loretz and Mokkas (2011) for more recent evidence for European multinationals.
initiatives, which operate within the present international tax architecture, will not eliminate spillovers' (IMF 2014: 35) . 6 The alternative of unitary taxation has been proposed: treating each multinational group of companies as a unit, regardless of the geographical and juridical location of the individual subsidiaries; calculating profit and loss on a group-wide basis; and then allocating the taxing rights on this consolidated profit between the jurisdictions with which the group has a nexus, according to the extent of actual economic activity. Systems of unitary taxation with formula apportionment currently exist only at the national level, most notably in the United States (US), Canada and Switzerland, and -for local business tax -in Germany. There is also a longstanding proposal of the European Commission (2011) to extend unitary taxation and formulary apportionment to the whole of the European Union under the Common Consolidated Corporate Tax Base (CCCTB).
In practice, OECD transfer pricing guidelines allow a range of methods to allocate (or apportion) profit between entities within a group, so rather than seeing a choice between polar opposite systems it is possible to think of changes within the current framework that would make the extent of apportionment more coherent and transparent (Picciotto 2013 ). As such, research into the distributive implications of full global apportionment also shed light on the direction of travel that would follow from more gradual steps.
The underlying idea of the allocation formulae (which may typically include assets, sales and employment) is that they should reflect economic substance: that is, they should reflect the location of corporate economic activity across countries. As such, any assessment of tax base redistribution under a particular formula will to some extent reflect the misalignment between current profit declaration and the location of economic activity, as captured by the formula in question. The disparity between the allocation of the apportionment factors and the taxable profit is likely also to reflect differences in productivity or in the valuation of the apportionment factor in question, and therefore might have non-tax reasons. Therefore any strong conclusions about tax-induced misalignment should be drawn with utmost care.
Sales factors reflect the demand for goods and services, while labour and assets reflect the supply process. There is no 'true' formula that objectively captures the location of economic activity, but a number of formulae are in operation or have been proposed, and this paper considers a range of these. The specific apportionment formula chosen is likely to have substantial redistributive consequences -given that proposals for unitary taxation originate largely from the observation that profits are misaligned under the current system, redistribution of taxable income is the logical consequence.
The most active proponents of international formulary apportionment have been EU countries, suggesting they are expecting to benefit in the form of more tax base allocated to them. At the same time, critics of the current system have long highlighted that reliance on transfer pricing and the arm's length principle may produce a systematic distortion of the tax base away from developing countries. 7 While both OECD countries and developing countries could plausibly gain tax base at the expense of low tax jurisdictions with disproportionate profit declaration, the identity of the winners and losers will depend on the nature of the current distribution of declared profits and on the precise formula used. While there has been some analysis of revenue effects of different formulae for the US and the European Union, it
has not yet been investigated at a worldwide level.
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Rather than emphasise profit misalignment, the IMF uses the broader concept of spillovers in international corporate taxation (defined as the effect of one country's rules and practices on others). IMF (2014: 1) highlights that adverse spillovers are 'especially marked and important for developing countries '. 7 See, for example, Cobham and McNair (2012) .
This paper aims to investigate the revenue consequences of various apportionment factors, with the particular intention of extending knowledge of the distributional implications beyond the major industrialised countries. There are reasons to think that the current system of separate accounting and transfer pricing may raise particular difficulties for developing countries (OECD 2014) . The pattern of investment may also differ, with lower-income countries receiving a greater share of vertical investment focused on resource extraction and use of low cost labour, compared to horizontal investment, primarily for market access reasons. Differences in factor prices in lower-income countries are also likely to have a direct impact on the revenue consequences of the choice of apportionment factor. At the same time it is crucial to point out that we fully abstract from behavioural changes of multinational companies in response to the move towards unitary taxation with formula apportionment. Insofar as we believe that part of the redistribution of the corporate tax base is due to profit shifting activities under the current system, it is very likely that companies will adjust their behaviour and that allocation of real assets will be affected by corporate taxation. This is a very important aspect of a change towards unitary taxation which is beyond the scope of this paper, but certainly needs to be the focus of future research.
Finally, data availability presents a particular challenge in assessing tax changes in lowerincome countries. Hence this study aims to both explore what we can learn from available data, and highlight where data shortcomings are particularly pronounced. In this way the current study fits with Action 11 of the BEPS initiative, aiming to 'establish methodologies to collect and analyse data on BEPS and the actions to address it'. Data availability in respect of lower-income countries is likely to be a major problem for the OECD when ensuring that their baseline data and subsequent monitoring has global coverage.
We use the largest commercially-available database of company balance sheets, Orbis, provided by Bureau van Dijk. Using a dataset of up to 211,360 individual companies in 26,795 corporate groups, we simulate the static distributional consequences of a number of different apportionment factors. The most obvious finding is that coverage is severely limited among developing countries, and increasingly so for lower-income countries. Despite the large number of firms in the initial dataset, the level of reporting for lower-income countries is insufficient to predict revenue consequences reliably. The challenge for the OECD BEPS initiative is clear.
Nevertheless, our study highlights some interesting aspects of a move towards unitary taxation and formula apportionment. A first robust finding is that the implicit introduction of international loss consolidation would reduce the overall corporate tax base significantly -in our sample of firms for the years 2003-2011 by more than 10 per cent. Furthermore, the exact design of the apportionment mechanism will be crucial for the distribution of the corporate tax base between countries. While this result is neither surprising nor new, it highlights the likely political difficulties that would arise in seeking multilateral agreement on a specific formula.
The analysis in this paper is based on all the countries in the world participating in the move to unitary taxation with formula apportionment. In reality it is much more likely that tax havens and other countries benefitting from the current separate accounting system will opt to stay out of a unitary taxation system. We do not model this in the current paper, but previous results have shown that if only high tax countries move to a formula apportionment system, in relation to profits arising within their own economies, the revenue consequences will be much less pronounced. 8 Alternatively, a country or economic region (e.g. the EU or the East African Community) might unilaterally decide to apply unitary taxation in order to determine their apportioned share of the worldwide profits of multinational groups operating in their 8
For example, Devereux and Loretz (2008) model only a sub-group of countries participating in the proposed CCCTB and find the distributional consequences are much smaller.
jurisdiction. The results here shed light on the potential scale of change in the tax base before the effect of any subsequent decisions about tax rates and the location of economic activity.
Despite the shortcomings of the data, a remarkably clear picture emerges. Of the countries with sufficient data, those with lower per capita income would benefit from apportionment according to either tangible assets or number of employees. In contrast, apportionment according to turnover or cost of employees will allocate a larger share to higher income countries. Similarly a two-part apportionment formula in the spirit of Avi-Yonah et al. (2009) would also benefit high-income high-tax countries (here the assumed rate of return on operating expenses crucially affects the results). Finally we investigate the impact on tax revenue, which seems to be slightly positive (in the range of two to four per cent) -although strong assumptions are necessary to make such an estimate.
The paper is structured as follows. Section 1 discusses the literature on unitary taxation and formulary apportionment. Section 2 outlines algebraically the approach taken to apportionment, including the role of international loss consolidation. Section 3 presents the data and outlines the empirical approach, with the results being set out in Section 4. A final section concludes.
Previous literature
Given the gap in research addressing the empirical implications of a shift to unitary taxation for lower-income countries, this paper is most closely related to two different research questions. One strand of literature is mostly concerned with profit shifting out of the US, and investigates how much more tax base would be allocated to the US if they were to extend unitary taxation and formula apportionment to the worldwide income of US-headquartered multinationals. Shackelford and Slemrod (1998) use segmental reporting data, and show that 46 of the largest US firms would face a 38 per cent increase in their tax burden. Clausing and Lahav (2011) update the analysis of Shackelford and Slemrod, but find only a modest increase of the tax base in the US. While this approach is appealing because it uses consolidated group profits as a starting point, it is highly data-demanding and therefore was only conducted for a small number of companies. Furthermore, segmental reporting does not usually allow identification of the distribution of the apportionment factors in all countries, and hence the two studies are limited to the revenue impacts on the headquarters economy.
A range of studies have considered the application of formulary apportionment within national borders. Mintz and Smart (2004) find that apportionment between Canadian provinces results in substantially less income shifting. Where Canada has a common formula (based on sales and wages), US states can apply their own factors. Clausing (2014: 25) assesses the experience in the US, and finds 'some cautious optimism for advocates of international formulary apportionment. Formulary apportionment has the potential to reduce income-shifting incentives without generating accompanying large tax responses in economic activity such as employment and investment'.
A different approach is used in papers addressing the revenue impact of various potential apportionment factors in the context of European tax harmonisation. Here the approach is bottom-up, as the information of the subsidiaries is aggregated to obtain the geographical distribution of the profits and the apportionment factors. Fuest et al. (2007) use data about German inbound and outbound foreign direct investment (FDI), while Devereux and Loretz (2008) use international data to investigate the same questions. Aside from the higher quality of the German administrative data used by Fuest et al. (2007) and the broader coverage in the international data used by Devereux and Loretz (2008) , the main difference in approach is that the latter explicitly model the impact of international loss consolidation. Devereux and Loretz (2008) also investigate the impact of a voluntary system of formula apportionment, since this is discussed in the European Union.
The core of the current paper is an extension of Devereux and Loretz (2008) to all countries for which equivalent balance sheet data is available. In addition to the apportionment factors proposed by Agúndez-García (2006), we also consider the two-part apportionment discussed in Avi-Yonah et al. (2009) . This method allocates ordinary profits according to the geographical distribution of operating expenses, and excess profits are then allocated according to additional factors (e.g. assets). Very recently IMF (2014) uses Bureau of Economic Analysis investment data on US outbound FDI to investigate the impact of different apportionment factors on tax revenue in selected advanced and emerging countries. This provides a sample with broad international coverage in terms of host economies, but narrow by home economy (i.e. US only). In addition, data is from survey responses rather than audited accounts. Nonetheless there are important commonalities in the findings, which we discuss briefly in Section 4.
Mechanisms of formula apportionment and loss consolidation
The main question we are concerned with in this paper is which countries could benefit from a move to unitary taxation through a larger corporate tax base being apportioned to them (once international loss consolidation is allowed for). Note that apportionment of a larger tax base need not necessarily imply higher ultimate revenue, since the change in system would change both states' incentives for setting rates, and corporate incentives for the location of economic activity. Nonetheless, relative changes in tax base are significant to the extent that they reflect the relative power of states in terms of any subsequent revenue-investment trade-off.
To answer this question this section first sets out to describe the basic mechanism of formula apportionment, and how we can compare the tax base under separate accounting to the hypothetically-apportioned tax base under unitary taxation with different formulae. Then we highlight the role of international loss consolidation under unitary taxation.
Basic mechanism of formula apportionment
Let denote the declared, taxable profit of corporate group j in country i. The total declared taxable profit of the group across all countries in which it operates, is then given by
Under the current system of separate accounting the corporate group is liable to corporate taxation on its profit in each country ij  at the corporate tax rate i  . 9 For the moment, let us assume that the group is profitable in all countries where it operates. Hence under separate accounting the total tax revenue of each country is i given by:
where i J denotes the number of groups country i.
In contrast, under a unitary taxation approach the taxable profit of the corporate group is aggregated first, and then taxing rights are allocated to the individual countries according to a formula. Abstracting from the possibility that countries chose their own formula this yields total tax revenue for each country of:
where ijX  is the share of the total profit allocated to country i if factor X is used to apportion the profits among the countries in which group j operates, and is defined according to:
Note that the share of the apportionment factor is bounded between zero and unity under normal circumstances (i.e. the apportionment factor is non-negative in all countries). In the case of the two-part apportionment process proposed by Avi-Yonah et al. (2009) the apportionment factor will be
where ij E denotes the operating expenses of group j in country i , and p the assumed standard return to the expenses.
In consequence country i will receive higher tax revenue from group j under unitary taxation if the following condition is fulfilled:
The condition in (5) simply states that a country will receive more tax revenue from a multinational group if the share of the apportionment factor in the country is bigger than the share of profits reported in the country under separate accounting.
To generalise, this will hold for the overall corporate tax revenue of the country by using the average over all multinational groups with a taxable nexus in the country. 10 That is, if the average share of the apportionment factor ( ijX  ) across all groups is larger than the average share of profit, tax revenue will be higher under unitary taxation. Denoting the average worldwide profit of multinationals with a nexus in the country as j  , and the average profit in this country of these multinationals ij  , we have:
In other words, a country will receive more tax revenue from multinational groups if the average share of the apportionment factor for all groups in the country is bigger than the average share of profits reported in the country under separate accounting.
Finally, note that for any given formula which is considered to reflect actual economic activity (e.g. an equally-weighted combination of sales, employment and fixed assets), the ratio of tax revenue -or equally, of tax bases, since the will drop out -under unitary and separate accounting will provide a measure of the misalignment between profit and activity.
The role of (international) loss consolidation
An additional aspect to be considered is the consolidation of losses within the corporate group. In most countries corporations do not get immediate relief for losses, but rather can use the losses against profits in other subsidiaries in the same country, or carry them forward to be offset against future profits. However, with very few exceptions losses cannot be offset against profits made in subsidiaries in other countries. 11
This situation changes when group-wide profit is calculated under unitary taxation. The resulting elimination of differences in the treatment of domestic and foreign losses is a major argument used by the EU in support of a move to CCCTB. These considerations have an important effect on tax revenue both under the current system and proposals for unitary taxation. Under the current system the taxable income and tax liabilities of an individual firm j in country i need to be adjusted to reflect the loss carry forward and the asymmetric treatment of profit and losses. Let t denote the taxable year and , 1 ij t   the losses brought forward into the period, one can rewrite the taxable income and the loss carry forward of current period as
which can then be aggregated to the total taxable profit under separate accounting
Under a unitary taxation approach, losses in individual countries will be immediately offset against the profits elsewhere, and losses will only be carried forward at the corporate group level. Hence the profit and the loss carry forward will be
Hence with the current asymmetric loss treatment, the total corporate tax base will be different depending on the tax system. Changing from a system of separate accounting to unitary taxation may have a short-run transition effect because of stocks of losses in the
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One notable exception is Austria, which has a very generous loss consolidation system for Austrian-headquartered companies.
respective countries. 12 However, even abstracting from this short-run transition effect, the switch from separate accounting to unitary taxation has two counteracting effects on the overall tax base. First, there is the direct effect that more losses are usable immediately, which has a depressing effect on the overall tax base. At the same time, the fact that losses are more likely to be used immediately implies that the stock of losses to be carried forward will be smaller. This has a positive impact on the overall tax base. Which of the two effects dominates depends on the level and the variance of the expected profits.
Taking into account that the overall tax base will be different under the two tax systems, the condition under which any individual country will be better off can now be written as.
, ,
A country will receive relatively more tax base under unitary taxation if the average share of the apportionment factor is bigger than the average ratio between the profit under separate accounting to the total taxable profit under unitary taxation.
A final complication arises when the two-part apportionment proposed by Avi-Yonah et al. (2009) is used. If the overall profit of the corporate group is positive but smaller than the assumed return on expenses, the residual profit to be apportioned in the second stage is negative which can result in an overall negative tax base allocated to some countries. In this case we set the apportionment factor in this country to zero. Technically this implies that the inequality in equation (4) does not necessarily hold, since it is possible that the assumed return on expenses is larger than the overall profits.
Data and empirical approach
To address the questions raised here one would ideally have access to country-by-country reporting of profits and losses, as well as of the relevant apportionment factors. At present this is not available for all companies worldwide. However, international civil society campaigning has resulted in its being required for extractive sector companies listed in the EU and USA, and the OECD has been mandated by the G8 and G20 groups of countries to create a standard for private country-by-country reporting to tax authorities. 13
Data
In the current absence of the ideal dataset, we use the largest available dataset of firm-level accounts, Orbis, provided by Bureau van Dijk. Orbis contains the balance sheet, profit and loss accounts, and most crucially the ownership structure, of all registered companies worldwide. For a subset of headquarter countries, both the consolidated and the unconsolidated accounts are available. For the main approach of this paper we follow Devereux and Loretz (2008) , and aggregate the individual unconsolidated accounts to obtain the necessary country-by-country information. This results in an incomplete picture, since information is often unavailable for some of the subsidiaries within a group. In addition,
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It is not clear whether one would want to include stocks of losses into the calculation of current taxable profits. There is also the proposed solution that stocks of losses may be carried forward against the tax liability resulting from the apportioned share of profits.
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Part of the basis for the international civil society campaign has been, precisely, its potential to demonstrate the misalignment of profits and activity, and, for some, to make the case for unitary taxation. See e.g. Murphy (2008) on the country-by-country proposal and the argument for the wider public to be able to scrutinise multinational groups' tax payments.
where there are non-random reasons for information to be missing (e.g. accounts in low-tax jurisdictions are less likely to be included in the dataset), this will result in systematic biases to the results. Notwithstanding these issues, however, our view is that at the current moment Orbis provides the best opportunity to consider patterns among multinational groups of global origin -albeit from a limited field.
In principle the Orbis online database contains all firms worldwide, and currently amounts to approximately 100 million entries. 14 However, for the vast majority of these companies there is only very basic information, such as name and address. At the same time, any switch from separate accounting to unitary taxation will not directly affect small independent and purely domestic companies. Therefore the starting point of the analysis is to identify which companies will be affected by a switch to unitary taxation. Since this study focuses on the revenue effects of different apportionment factors, and is not concerned with other important aspects of a change towards unitary taxation, the companies which will be affected need to be multinational groups. We define multinational groups as corporate groups which own at least one subsidiary in a different country. We define ownership as owning either directly or indirectly more than 50 per cent, which implies that we can allocate any subsidiary unambiguously to its owner. Further we exclude public authorities or individuals owning corporate groups. In cases where a multinational group is globally owned by individuals or public authorities, we use the highest-level corporate owner as the global owner. 15 This results in a sample of 322,525 individual corporate entities in 29,984 groups. Table 1 shows the basic sample allocated into broad country groups. The columns depict the location of the respective subsidiary, while the rows show the location of the owner. It becomes evident that Orbis data is dominated by European companies, and that there is very little information about developing countries. Nevertheless, this is still the most comprehensive dataset with which to investigate the question at hand.
All databases from Bureau van Dijk including
Orbis provide information about the last ten years. Given that accounts are reported with some delay and the information for the year 2012 is still incomplete, this implies that we can use a time window of nine years, namely from 2003 to 2011. However, for some companies not all the necessary information is available for all years. To maximise the coverage we calculate the resulting tax base allocation for each factor separately, which results in different sample sizes for the different variables.
14 The 100 million companies also include a large number of public authorities, e.g. universities or hospitals, which are not relevant for the purpose of our analysis. For comparison, OpenCorporates.com has data on 62 million companies (as at 7 January 2014).
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It is noteworthy that Bureau Van Dijk only reports the ownership information on a cross-sectional basis. This implies that newer ownership information replaces previous information, and all the information about the group structure is based on the information available at the time of the download (Autumn 2013). Notes: The columns describe the region in which the subsidiary is located, while the rows describe the region of the group headquarters. The use of this dataset has at least two relevant dimensions, along which a selection bias can occur. The first occurs when specific types of companies (e.g. companies in low-tax countries, or very large or very profitable ones) are either not included in the database at all, or have missing or false ownership information. The second occurs when specific companies do not report the variables necessary for our analysis. While it is difficult to judge whether the overall coverage is good and whether ownership information is reliable, we can at least investigate the relative coverage across countries to see whether there is a strong selection in terms of coverage. While for most factors the number of companies dropping out from the initial sample is evenly distributed across countries, there appears to be a relevant bias for the employment and payroll factor. For the latter this becomes very evident with a few countries dropping out completely because of insufficient payroll numbers being reported.
Particular issues arise with using Orbis to look across countries at different income levels (rather than, for example, comparing within the EU only). One is that the requirements of financial accounting may be more variable. Another is that many developing countries use tax holidays or special rates to a greater extent than industrialised countries, and so it is not always clear to what extent lower tax revenue may be due to a small tax base or to a low (preferential) rate being applied. Since there is no plausible way to infer from financial accounts the applied tax rate, we first circumvent this problem by only analysing how the corporate tax base would be affected. In a second step we use the reported tax payments as the starting point for the tax base, at the potential cost of significant measurement errors.
Empirical approach
To simulate the tax base effect of a move to unitary taxation with formula apportionment we need information about the tax base under separate accounting ( , SA j t  ), the tax base under unitary taxation ( , UT j t  ) and the apportionment factors ( ijX  ). The simplest way to measure the tax base is to use profit and loss before tax (PLBT) as reported in the accounts. In order to account for the possibility of domestic loss consolidation and loss carry forwards, we aggregate PLBT at the country-firm level and carry the losses forward to be set off against future profits as in equation (7). Similarly we aggregate PLBT at the firm level and carry 16 In order to minimise further attrition of the database we linearly interpolate missing values before we calculate the hypothetical loss carry forward. We also set the initial stock of losses brought into the first period as zero.
remaining losses forward as in equation (8). The main alternative tax base measure is derived from reported tax payments in the accounts. In line with the approach in Devereux and Loretz (2008), we define the tax base as the positive tax payments divided through the statutory corporate tax rate. In the case of a non-positive tax payment, we use the lower value of earnings before interest and taxation (EBIT) and the ratio between the tax payment and the statutory tax rate.
For the apportionment factors we use total assets (ASSETS) and tangible assets (TANG) as a measure for capital invested, turnover (TURN) as a proxy for sales by origin, the number of employees (EMP) and the cost of employees (PAY) as employment factors. 17 For the twopart approach by Avi-Yonah et al (2009), we define operating expenses as the difference between TURN and EBIT. After assuming a one (five) per cent ordinary return, we apportion the excess profits according to ASSETS.
The lack of coverage for lower-income countries, the absence of any information about sales by destination, and comparison with the results of Shackelford and Slemrod (1998) and Clausing and Lahav (2009) , are the main motives for also using consolidated data. The International Financial Reporting Standards require large companies to provide segmental reporting along business lines and geographical markets. Unfortunately the geographic reporting is not standardised, so it is not feasible to use the full geographic breakdown. Nevertheless, for 3,667 corporations in 32 different countries we are able to identify the proportion of profits, sales and assets in the domestic segment. Then we compare the profits reported in the home country to the profits which would be allocated to the home country if sales or assets had been used as an apportionment factor.
Empirical results

Tax base effects
This section presents some of the basic results. For reasons of space we only present the country-by-country results for the largest sample with formula apportionment according to total assets. For all other apportionment factors the detailed results can be found in the Appendix Tables, having the same structure. To give an indication of the representativeness of the results, the first column presents the average number of firms the results are based on. The next column presents the simple sum of profit and loss before taxes in the country, reported in million USD. This is the sum over all firms located in this country and over the years 2003 through to 2011. The third column presents the percentage change if we adjust the sum of the profit and loss measure for domestic group relief and loss carry forward. Specifically, we aggregate profits and losses within the same country, and we carry remaining losses forward and set them off against profits in the next periods. The last two columns present the core results of this paper, namely the impact on the corporate tax base through a move to unitary taxation and apportionment. To separate partly the effects of loss consolidation and apportionment, we compare the allocated tax base under unitary taxation first to the simple sum of profit and losses in [2] , and then to the tax base measure which is already adjusted for loss carry forward and group relief within the same country in [3] . Table 3 reports the baseline results for total assets as apportionment factor. The rather large and positive changes in column [3] show that losses played a significant role in the period investigated. Compared to simply aggregating profit and losses before taxation in column [2],
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All the proposals and existing systems have sales by destination rather than sales by origin as an apportionment factor. Since we are not able to obtain sales by destination and also cannot distinguish between inter-company and customer sales, we have to rely on turnover as a proxy for the sales factor.
the modelling of group relief and loss carry forward increases the measure of the corporate tax base significantly. The simple sum of profit and losses in column [2] would imply an immediate recognition of tax losses, which is clearly not realistic. Therefore we think that column [3] is a more realistic benchmark. Nevertheless the comparison between the two measures gives an indication of the extent to which the treatment of losses matters. China and Greece are clearly outliers because some of the largest losses in our dataset are reported in a Chinese subsidiary and a Greek bank, but overall the loss consolidation or carry forward makes up a significant share. 18 Even for countries where the coverage is broad and therefore a few large loss-making companies should matter less, the modelling of loss carry forward increases the tax base measure by 20 per cent (France) to 30 per cent (United Kingdom).
Concerning the change from separate accounting to unitary taxation with apportionment according to total assets, the results in column [5] surprisingly show that primarily Belgium will gain corporate tax base on a large scale, while most other countries lose compared to the scenario in column [3] . This again highlights that in the period observed losses are playing an important role. While the positive results in column [3] indicate that there are a lot of losses which can not be offset within the own country and therefore are only carried forward, the primarily negative result in column [5] tells a story that group-wide consolidation under unitary taxation would allow firms to use at least a part of the losses currently trapped in individual countries. Thus the effect of international loss consolidation will on average shrink significantly -by 13.4 per cent -the overall tax base available to distribute. Multinational groups would experience a corresponding reduction in the disincentive to make risky investments in new countries that results from current arrangements.
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Iceland is an even larger outlier, with the overall sum of the tax base measure being negative. [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] number of firms these results are based on. All countries with less than 10 firms on average in all apportionment factors are excluded. Sum profit and loss refers to the simple sum of profit and loss before taxes and is reported in million USD. In the case of Indonesia, the total amount allocated to the country is reported in the Table. Put differently, countries with a decrease of less than 13.4 per cent will be relative winners. For the results in Table 3 , the list of relative winners includes mostly the high tax countries like Italy, Japan and the United States, indicating that these countries are suffering from profit shifting under the current system of separate accounting. Like the surprise winner Belgium, there are some further results that are worth mentioning. Luxembourg and Ireland are relative winners compared to their European peers, as is Singapore compared to the major economies of Brazil and Mexico. This is most likely due to the fact that 'total assets' includes intangible assets, and most importantly financial assets. Since these two types of assets are used to a non-negligible extent to move profits to more favourable tax jurisdictions, this also explains that the redistribution of the corporate tax base is less pronounced than for the other apportionment factors.
On a different note, if the apportionment factor results in redistribution into countries with significantly higher tax rates, this could also result in higher overall tax revenue. However, due to restrictions on the availability of reliable tax rate information, we have not yet investigated the tax revenue consequences. In the next subsection we will use a different tax base measure to investigate revenue impacts inclusive of the impact of reallocation to higher tax countries.
One immediate concern is the role played by losses during the recent financial crisis. The results in Table 3 refer to a period of nine years. To investigate whether single crisis years are driving the results, Figure 1 shows a box plot over the country-years. Each box plot shows the interquartile range of the ratio of the tax base allocated under unitary taxation and the tax base allocated under separate accounting, corresponding to the results in column [5] . The line inside the box marks the median result and the whiskers are at 1.5 times the interquartile range. Yearly values outside this range are displayed as dots. For some countries some yearly results are very high and the graph would be difficult to present. Since these graphs are for illustrative purposes only, we have set values above 100 per cent to 100 per cent. In the case of apportionment by total assets this is only relevant for some observations in Argentina and Montenegro. The red line represents the overall average, so all results above the red line present a country being a relative winner under unitary taxation. Figure 1 confirms the claim that for most countries the overall result is not driven by extreme results during the crisis years. As mentioned above, the two most notable countries where single years with extreme losses dominate the results are China and Iceland. This is visible through the fact that there are both positive and negative outliers present.
Figure 1 Tax base allocation over time: apportionment by total assets
Next we discuss the results for the different apportionment factors. In order to use as much of the information as possible, we first simulate the tax revenue effect for each of the apportionment factors separately. The detailed results of these simulations can be found in Appendix Tables A1-A6 .
In the case of tangible assets as apportionment factor, the coverage is only slightly reduced and the overall reduction in the tax base of 13.4 per cent remains unchanged. However, the distributional effects are markedly different from the scenario in Table 3 . Belgium is no longer the only relevant gaining country, but rather is in line with most established European economies losing tax base to Eastern European countries like Bulgaria, Bosnia Herzegovina, Czech Republic, Estonia, Latvia, Lithuania and Poland. In fact the only notable exception in Eastern Europe is Hungary, which loses significantly. A result worth mentioning is that Switzerland is among the winners, albeit with a very small number of companies backing up this result. The case of the large reported losses in China is now even more evident, since the simple sum of the profit and losses is negative. These large losses are offset to a large extent against taxable profits in the US, resulting in a substantial loss of tax base to the United States.
Using turnover as apportionment factor the sample size is slightly further reduced but the overall picture regarding the losses and the overall reduction of the tax base is broadly the same, with an overall reduction of 10.6 per cent due to international loss consolidation. Interestingly the picture from the result with total assets is restored, with high tax countries like the United States, Japan and Italy gaining tax base. At the same time the result that some of the established European countries lose to Eastern European countries is less pronounced. Countries that are commonly associated with a favourable tax system, like Luxembourg, Ireland, the Netherlands, Belgium and Switzerland, are now all seen to lose tax base. The Swiss case should again be treated with caution due to the small number of observations. The results for the number of employees as apportionment factor are based on a roughly 10 per cent smaller sample with approximately 117,000 individual firms. Nevertheless, the international loss consolidation still implies an overall reduction to the tax base of about 12 per cent, in line with previous results. Appendix Table A3 shows that basing the apportionment on the number of employees has vast redistributive consequences. By and large all the emerging economies gain a significant proportion of tax base, while some of the large established economies, such as Germany, France and the United States, lose significantly. Again, those jurisdictions with favourable tax treatment, like the Netherlands, Singapore, Ireland, Belgium, and Switzerland, are among the countries losing the largest share of their tax base.
The results for apportionment according to the cost of employees suffer from the problem that payroll data is not available for some countries like the United States, Mexico, China, Singapore, Russia and Australia, and hence the sample is reduced to about 100,000 firms on average. The reduction is even more pronounced in the sum of profit and losses, which now make up only half of the sum of the baseline case in Table 3 (where total assets is used as the apportionment factor). For this reason, direct comparisons to the previous results need to be treated cautiously. The next subsection shows the results of re-running the analysis with a subsample for which all the apportionment factors are reported, to allow a direct comparison. Nevertheless, the main change here, compared to previous results, is that less of the Eastern European countries turn out to be winning (unsurprisingly, since these countries typically have lower wages). This is in particular true for countries like Romania or Bulgaria. Among the few countries winning with cost of employees as apportionment factor is Italy.
For the two-part apportionment mechanism proposed by Avi-Yonah et al (2009), a fixed rate of return is first applied to the operating expenses in each country. In the second step the residual profit is allocated among countries using an apportionment factor. Note that the results here are a strong simplification from the original proposal, which is designed to be applied on a case-by-case basis. Due to data limitations it is not possible to identify the separate business lines as would be required for such an application, and therefore these results should only be seen as a first approximation to the proposal of Avi-Yonah et al. (2009) . Significant further work would be necessary to provide a direct application. For our simulation we first use a 1 per cent return on expenses, and then allocate the residual profit according to the country shares of total assets. The overall change in the tax base is in line with the other apportionment factors (a reduction of 11.4 per cent). The United States, Japan and Italy are among the winners. More surprising is that most of the Eastern European countries lose significantly. This is slightly reversed once a 5 per cent return on expenses is assumed. In this case the overall reduction of the tax base is somewhat smaller, with only 10.5 per cent reduction.
Next, to compare directly the different apportionment factors we restrict our sample to those firms where we have the necessary information for all apportionment factors. This reduces the number of firms to a sample of 85,986 firms on average. The overall impact of lossmaking companies is comparable to the individual results above, with a reduction of 11.7 per cent of the overall tax base.
The most striking feature in Table 4 is that the differences between the various apportionment factors are very pronounced. Even for countries with relatively good coverage like Germany, Italy, France and the United Kingdom, the results differ significantly depending on the factor used to apportion the tax base. Further it is striking that total assets affects the relative distribution of the tax base the least, most likely due to the above-mentioned fact that total assets include financial and intangible assets which are partly used to relocate profits under the current system. Notes: No. firms refers to the average (over the period 2003 to 2011) number of firms these results are based on. All countries with less than 10 firms on average in all apportionment factors are excluded. Sum profit and loss refers to the simple sum of profit and loss before taxes and is reported in million USD.
The choice of apportionment factors matters most to the lowest-income countries in the sample, those of Eastern Europe. Using tangible assets allocates more of the tax base to lower-income countries, and most countries of the region are major winners if number of employees is used. This result is largely reversed if the cost of employees is used as allocation factor. Figure 2 illustrates the results from Table 4 following the same logic as Figure 1 . Regardless of the apportionment factors chosen, countries like Luxembourg, Ireland and the Netherlands will see a significant share of their tax base allocated away from them -reflecting the disproportionally large share of the tax base these jurisdictions have been able to attract under the current system of separate accounting. 19
Figure 2 Tax base apportionment: variation across factors Figure 3 shows the variation across countries for the different apportionment factors. Overall it is clear that the redistributive effects of apportionment are far greater for the relatively immobile factors -in particular, number of employees (including when compared to payroll), and tangible assets (including when compared to total assets).
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We are grateful to Francis Weyzig for suggesting some caution here, since Orbis may include tax-exempt dividends from subsidiaries in its gross profit, and for some jurisdictions with many intermediate holdings such as Luxembourg and the Netherlands this may result in systematic overstating of profits under separate accounting. This caution is tempered by the fact that IMF (2014) identifies the same jurisdictions as among the 'conduit' group which they find would consistently lose tax base under any apportionment factor applied to taxation of US-headquartered multinationals. 
Tax revenue effects
The analysis so far has concentrated on the distributional effects of unitary taxation on the corporate tax base. The question in the background that is really of interest is the difference in the extent to which countries would be able to raise tax revenue under the alternative system of unitary taxation. To get closer to the answer to this question we repeat the simulation exercise from above with a different tax base measure, based on the tax liabilities reported in the accounts. Then we compare the tax liabilities resulting from the allocated tax base to the sum of the tax liabilities reported under the current system. This approach is in line with the methodology of Devereux and Loretz (2008) . Comparing the results to the previous results, one needs to bear in mind some caveats. First the tax base measure is now hinging on the assumption that the top statutory tax rate has been applied to all the taxable profits. Secondly we are now comparing our simulation results to the simple sum of reported tax liabilities -including negative tax liabilities -which implies that we treat negative tax liabilities as paid-out tax rebates. Third, in contrast to the results above, we are not trying to separate out the effects from international loss consolidation and loss carry forwards. 20 Table 5 reports the results for our simulation of tax revenue distribution using the subsample of firms for which all the necessary data about tax liabilities and apportionment factors is available. Overall we find a slightly positive effect on tax revenue for all apportionment factors with the exception of number of employees. This is due to the fact that apportioning according to number of employees allocates a larger share of the tax base to lower-income and lower-tax countries in Eastern Europe.
Overall the results for tax liabilities largely confirm the findings from above. Countries with a favourable tax system like Ireland and the Netherlands lose tax revenue regardless of the apportionment factor/s chosen, while high-income and higher-tax countries like the United Kingdom and Spain win under all scenarios. For Bosnia Herzegovina and Serbia we get rather extreme positive results. This is most likely reflecting the fact that deriving a tax base measure based on tax liabilities divided by the statutory tax rate is subject to substantial measurement error in young nation states with generous tax holidays.
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Doing so would put even more emphasis on our tax burden measure which hinges on the crucial assumption that all tax base is subject to the statutory tax rate. We have done this analysis and results show approximately a 7 per cent decrease in the benchmark tax base, changing the result to a larger positive effect overall. The other conclusion that can reliably be drawn is that the different apportionment factors result in very different distribution of tax liabilities. In line with our baseline results, apportionment by number of employees strongly favours lower-income countries, while apportionment by cost of employees allocates the tax base to the richer economies.
Our results are also broadly in line with the recent analysis of IMF (2014), which uses data on US-headquartered multinational groups to show a strong positive effect for emerging economies and developing countries (e.g. China, India and South Africa) when using employment as the apportionment factor. The IMF study also finds a group of consistent losers (regardless of apportionment factor), namely the conduit jurisdictions of Bermuda, Ireland, Luxembourg, Netherlands, Singapore and Switzerland. Once these are taken out of the analysis, advanced economies taken together see tax base increases of a quarter to a half, depending on the apportionment factor. [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] number of firms these results are based on. All countries with less than 10 firms on average in all apportionment factors are excluded. Sum reported tax liabilities refers to the simple sum of the tax liabilities in the accounts and is reported in million USD. Table 6 reports the results for our analysis of segmental reporting in the consolidated reports. In the spirit of Shakelford and Slemrod (1998), we only look at the profit share of the home country. Specifically we calculate how much of the profits would be allocated to the home country if the share of the profit in the home country is in line with the share of assets or sales in the home country. Notes: Sum of profits refers to sum of profits in the home country and is in million USD.
Results using segmental reporting
Our result implies that the share of profits at home are on average 15 per cent higher than the share of sales at home, and about 5 per cent higher than assets. This is in stark contrast to the results of Shackelford and Slemrod (1998) , who find a disproportionately large share of the tax base of US multinationals abroad.
This difference is most likely due to the fact that we use the profit measure from the segmental reports, while Shackelford and Slemrod (1998) infer the taxable income from the footnotes of the tax provisions. It is also possible, however, that particular differences in the US approach (e.g. to worldwide corporate income taxation, and the tax implications of profit repatriation) result in US-headquartered multinationals displaying some important differences in tax behaviour from others. Apart from the unrealistic outlier Switzerland in the case of the sales factor, the usual suspects of Ireland and Singapore are seen to lose a large share of their profits. However, the overall results are mainly driven by Japan, which makes up onethird of the companies and two-thirds of the profits. This highlights once again that the analysis faces quite severe data limitations, while also confirming the importance of using available data to understand more about the differences in tax behaviour of multinational groups headquartered in different economies (rather than relying, for example, on data for US-headquartered multinationals only).
Conclusion
The analysis here shows large variations between the location of real economic activity and the extent of profit declaration, or, equivalently, the difference between potential formulary apportionment mechanisms under a putative unitary taxation system in comparison to the current system of separate accounting.
The choice of apportionment factors is, unsurprisingly, of considerable importance. The different apportionment factors will result in very different redistributive outcomes. While total assets will change the relative allocation the least (with a surprise winner, Belgium), apportioning according to the number of employees will create the biggest redistribution.
Between the apportionment factors based on employment, apportionment according to payroll will harm the lowest-income countries in the sample (in Eastern Europe), while apportionment according to the number of employees will increase the size of their tax base.
By and large a shift to unitary taxation will -regardless of the apportionment factor -shift corporate tax base away from countries with 'favourable' tax regimes, for example, Luxembourg, the Netherlands and Ireland, which will see a smaller tax base under all scenarios.
In general the move towards unitary taxation results in a drop in corporate tax base of about 12 per cent due to international loss consolidation. It remains to be seen to what extent this reflects the global financial crisis falling into the period of analysis. Further work is also needed to investigate the extent to which this reflects a genuine reduction in the tax base, rather than being a feature of the sample period length or other components of the analysis.
The clearest result of this study, however, is that there is insufficient data to perform a full analysis of the revenue implications of a shift to unitary taxation -or, equivalently, of the scale of misalignment between corporate profits and the distribution of actual business activity. This is most glaringly true with respect to developing countries, which despite the global nature of the Orbis dataset are effectively excluded once the sample is required to include the standard set of possible apportionment factors. 21 Further analysis with the current data may yield additional insights into patterns of profit distribution by income level, but such a sample cannot be relied upon to reveal a great deal about the pattern across developing countries of different regions, income levels and economic structure.
Nevertheless, the results at hand suggest that apportionment by number of employees in particular would have a very strong distributive effect -and these are likely, by and large, to have opposing tax base effects for the industrialised and lower-income countries. The possibility of redistribution of the tax base away from jurisdictions in which profit declaration is disproportionate to real economic activity, however, raises the possibility that unitary taxation could deliver benefits for most countries -while posing a significant threat to those that benefit most from the current system.
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As such, these findings indicate a serious obstacle for the OECD's commitment to evaluate BEPS progress in reducing the misalignment of profits. [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] number of firms these results are based on. All countries with less than 10 firms on average in all apportionment factors are excluded. Sum profit and loss refers to the simple sum of profit and loss before taxes and is reported in million USD. In the case of Indonesia, the total amount allocated to the country is reported in the Table. [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] number of firms these results are based on. All countries with less than 10 firms on average in all apportionment factors are excluded. Sum profit and loss refers to the simple sum of profit and loss before taxes and is reported in million USD. [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] number of firms these results are based on. All countries with less than 10 firms on average in all apportionment factors are excluded. Sum profit and loss refers to the simple sum of profit and loss before taxes and is reported in million USD. In the case of Indonesia, the total amount allocated to the country is reported in the Table. [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] number of firms these results are based on. All countries with less than 10 firms on average in all apportionment factors are excluded. Sum profit and loss refers to the simple sum of profit and loss before taxes and is reported in million USD. In the case of Indonesia, the total amount allocated to the country is reported in the Table. 
